Background and Purpose: We analyzed the risk factors for rupture of an intracranial aneurysm based on a retrospective angiographic study of ruptured and unruptured aneurysms.
B ased on several large autopsy studies, we calculated the incidence of intracranial aneurysm to be approximately 5% of the general population (0.2% to 9.9%).1 -5 The annual ratio of ruptured to unruptured aneurysms is estimated to be 1% (0.5% to 5%).5-8 These gross data suggest that the majority of aneurysms never rupture. During the last decade, considerable progress has been made in neuroradiology, such as digital subtraction angiography, computed tomographic angiography, and magnetic resonance angiography. The discovery of unruptured aneurysms raises a problem for neurosurgeons in regard to the justification of preventive aneurysm surgery in healthy patients. The decision concerning whether to operate on unruptured aneurysms is very difficult because it is impossible to determine whether the unruptured aneurysm will ever develop a future catastrophic rupture.
Many of the studies of cerebral aneurysms have focused on ruptured aneurysms, and data on inciden-tally discovered aneurysms are relatively limited. We report the clinical features of incidental unruptured aneurysms and discuss the differences between risk factors involved in the formation and rupture of an aneurysm.
Subjects and Methods
During the period from January 1980 to November 1989, 4892 subjects underwent cerebral angiography for suspected or confirmed intracranial and/or extracranial diseases. From these cases, we excluded patients with subarachnoid hemorrhage (SAH) and symptomatic aneurysm and any disease known to be associated with intracranial aneurysm. After these exclusions 1612 cases, all with three-or four-vessel studies, remained as unbiased clinical samples. These cases were examined by routine angiography consisting of frontal and lateral views by the Seldinger method, and oblique and other views were occasionally completed if needed. In the same period, we identified 638 patients with SAH due to ruptured aneurysms. Patients were classified into two groups available for study: the 638 patients who showed SAH due to ruptured aneurysm constituted group 1 (ruptured aneurysm), and those in whom asymptomatic, unruptured aneurysms were discovered fortuitously constituted group 2 (unruptured aneurysm). Group 2 Percentages refer to percentage of patients with incidental aneurysms in relation to examined population, for each decade.
was composed of 44 of the 1612 patients. The patients' age, sex, and site of the unruptured aneurysms were studied and compared with the same data from group 1. The size, shape, and arterial geometry of the unruptured aneurysms were also analyzed. Statistically significant differences among the diseases associated with the unruptured aneurysms were calculated by the x test.
Results

Ruptured Versus Unruptured Aneurysms
Age and sex. The age and sex distributions of each group appear in Table 1 (Table 1) .
Location. 
Analysis of Unruptured Aneurysms
Relation between site and patient's age. Aneurysms in the ICA were more uniformly distributed in patients aged 20 to 70 years and showed a greater incidence in women (men, 58.3%; women, 69.5%), although aneurysms in the ACoA predominated in male patients.
These findings are tabulated in Table 3 . the PCoA. The unruptured ICA aneurysms developed not only at arterial bifurcations but also at arterial bendings or branching points. These data are summarized in Table 4 . Unruptured aneurysms and associated diseases. The population that underwent angiography consisted of 616 patients with brain tumor, 463 with ischemic cerebrovascular disease (ischemic stroke), 127 with idiopathic or hypertensive intracerebral hemorrhage, 104 with idiopathic epilepsy, 80 with headache classified into migraine, cluster headache, or trigeminal neuralgia, 46 with head injury, 50 with face or scalp tumor, and others. The diagnoses of cases with unruptured aneurysms were classified into 8 categories: 16 had brain tumor, 13 ischemic cerebrovascular disease, 10 intracerebral hemorrhage, 1 arachnoid cyst, 1 frontal mucocele, 1 chronic subdural hematoma, 1 epilepsy, and 1 hemifacial spasm. These data are summarized in Table  5 In the 13 cases of ischemic strokes, 2 showed complete occlusion of a major artery, which did not cause an infarct lesion visible on computed tomography. The aneurysms in these 2 cases were found at sites contralateral to the occlusion of major arteries (23- In our series, incidentally discovered unruptured aneurysms were identified in 44 (male, 22 with aneurysms of 955 patients=2.3%; female, 22 with aneurysms of 657 patients=3.3%) of the 1612 patients. The frequency of unruptured aneurysms in our series was in the range of large autopsy studies in the literature.1245 However, it was higher than the reported ratio based on radiographic series.910 The variability of the ratio of the incidental aneurysm mainly depends on the composition of the ages of the examined populations. In fact, our data showed that the ratio of incidental aneurysm was very rare in childhood and increased among the elderly. McCormick and Acosta-Rua"l recorded the number of ruptured and unruptured aneurysms separately and provided profiles of the population from which they were derived based on 1673 autopsy studies. The incidence of unruptured aneurysm showed an age-related pattern similar to that revealed in our study; that is, 1.1% for those aged 0 to 29 years, 3.5% for those aged 40 to 49 years, 5.7% for those aged 50 to 59 years, 7.4% for those aged 60 to 69 years, 6 .1% for those aged 70 to 79 years, 9.3% for those aged 80 to 89 years, and 37.5% for those aged 90 years or older. In consideration of the fact that the majority of aneurysms never rupture, it can be concluded that the risk of formation of aneurysms increases with aging.
However, it is believed that middle age is an important risk factor for aneurysmal rupture. Our data also showed a bell-shaped distribution with a peak mode at the fifth decade for ruptured aneurysms in contrast to the age-related increase shown for unruptured aneurysms. It is important to determine whether there is a difference in age distribution between ruptured and unruptured aneurysms. Our value for the ruptured aneurysms was not based on a defined population, nor was it an age-related incidence. Knowing the age composition for the hospitalized population in a large city is virtually impossible. Only an epidemiologic study in a defined area can resolve this problem. The Hisayama- *Others include Bell's palsy (9 cases), brain abscess (9), thoracic outlet syndrome (8) , multiple sclerosis (6), meningitis (4), Alzheimer's disease (1), idiopathic tremor (1), and chorea (2). cho study in Japan12 and the Framingham Study in the United States13 reported the annual incidence of SAH based on 22-and 26-year prospective studies in a defined population. The incidence was 0 per year per 100 000 aged 0 to 39 years, 37.5 for those aged 40 to 59 years (female-male ratio, 2.4), 97.4 for those aged 60 to 69 years (female-male ratio, 1.5), and 182 for those aged 70 years or older (female-male ratio, 2.9) in the Hisayama-cho study. In the Framingham Study, Sacco et a113 reported that their findings showed 0 per year per 100 000 aged 0 to 29 years, 15 for those aged 30 to 59 years (female-male ratio, 1), 37 for those aged 60 to 69 years (female-male ratio, 1) and 78 for those aged 70 to 88 years (female-male ratio, 1.4). Both of these studies diagnosed SAH from history, lumbar puncture, angiogram, computed tomographic scan, and autopsy. They confirmed berry aneurysms by angiography or autopsy in 69% and 64% in their studies, respectively, and they noted a greater incidence of SAH in older females. We can conclude that there is no difference in the age distribution between ruptured and unruptured aneurysms. The risk for aneurysmal formation and rupture can be said to increase with age. However, the risk begins at middle age, unlike other cerebrovascular diseases.
Another important factor in regard to incidentally discovered unruptured aneurysms is the greater incidence in women. This was noted in both ruptured and unruptured aneurysms. However, little is known concerning the relation of sex to the pathogenesis of cerebral aneurysm. 0stergaard and Hog14 reported that both multiple and giant aneurysms showed a greater incidence in women. Our data showed a female predominance in unruptured series only among subjects aged older than 60 years. The effect of recurrent pregnancies on the connective tissue and rapid progress of arteriosclerotic change after menopause could play some role in aneurysmal formation. We think that the greater incidence in women is related to the increasing fragility of the arterial walls, which may lead to the initiation of an aneurysm.
Risk Factors for Aneurysmal Rupture
Incidentally discovered unruptured aneurysms were mostly found on the ICA (64%) (IC-PCoA and IC-OA,
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19.9%; IC-anterior choroidal artery, 12.8%; IC-cavernous, 10.6%; ACoA, 12.8%; and MCA, 6.3%). In contrast, ruptured aneurysms occurred in the ACoA (32.0%), IC-PCoA (26.4%), and MCA (26.2%) in descending order. There was an exact correlation between our study and the 1966 Cooperative Study3 regarding the aneurysmal distribution of ruptured aneurysms, in which investigators also recorded and analyzed 87 cases with incidental aneurysms (60% by angiography, 40% by autopsy). The site distribution of incidental aneurysms in this study was 42% on ICA, 25% on MCA, and 21% on ACoA. They reported that the dissimilarity of the site distribution between the ruptured and unruptured aneurysms was attributable to an excess of ICA aneurysms, because ICA aneurysms at these sites that were easily recognized as incidental findings on angiography and autopsy might be a modifying factor. In our study, there was no methodological problem in confirming the unruptured aneurysms. Why is there such a large gap in the incidence of unruptured and ruptured aneurysms in the ACoA and MCA? What does this discrepancy suggest? The analysis of 87 cases with multiple aneurysms in our study showed that the ACoA was the most favored site for rupture. On the other hand, few ICA aneurysms bled. It is hypothesized that the process from initiation to rupture in ACoA aneurysms is rather rapid. ICA aneurysms probably rupture less often and remain stable. Based on the follow-up studies of unruptured aneurysms in cases with multiple intracranial aneurysms, Heiskanen6 and our group15 have reported that aneurysms on the ACoA most commonly ruptured during the follow-up period.
We believe that unruptured, asymptomatic aneurysms have already been subjected to a natural selection process. First, the category of unruptured aneurysms includes many that are less susceptible to rupture and remain unchanged over time. The group of incidentally discovered unruptured aneurysms itself has already been skewed to the group characterized by less bleeding. Second, there are more opportunities for these less susceptible unruptured aneurysms to be discovered compared with those aneurysms that progress rapidly to the rupture stage. Reports by Allocock 20 subjects with extracranial carotid stenosis and intracranial aneurysm. The aneurysms were on the contralateral side in only 4 subjects; in 7 subjects either the aneurysm or the carotid lesion was bilateral, and in 9 subjects the aneurysms were on the homolateral side. Our data also showed that 9 of 11 subjects had homolateral aneurysms with ischemic events. We observed only 2 subjects in whom the unruptured aneurysm was associated with a contralateral occlusion of the major arteries. The coincidence of brain tumor with aneurysm has been stated to be 0.5% (0.3% to 0.5%).1o2930 The incidence of this association was 2.4% in our series.
There are several lines of evidence that pituitary adenoma may be associated with an increased frequency of intracranial aneurysms. Wakai et a13' found a 7.4% incidence of aneurysms in 95 pituitary adenomas, and Jakubowski and Kendall32 found a 6.7% incidence among 150 pituitary adenomas. However, the connection of pituitary adenoma to aneurysmal formation is not well known. In our study, we could not find a direct correlation between pituitary adenoma and associated aneurysms.
Conclusion
In conclusion, our analysis showed that the risk factors for aneurysmal formation are age and female sex; the risk factors for aneurysmal rupture are related to location and arterial geometry. Although we could not reach a clear-cut decision with regard to prophylactic surgery for unruptured aneurysms, we consider that unruptured ACoA aneurysms bleed easily compared with those found at other sites.
